U rokinase-type plasminogen activator (uPA) and its receptor (uPAR) can activate plasminogen at the cell surface, potentially augmenting migration of cells and exacerbating atherogenesis, restenosis, or both. Migration may be facilitated by digestion of extracellular matrix (ECM), a process that can be potentiated by plasmin. uPA is believed to be most involved in remodeling of ECM seen with invasion of tumors'-3 and trophoblasts4 as well as in wound healing. 5 We have hypothesized that migration of cells into and within vessel wall and atherosclerotic plaque may depend on analogous phenomena regulated by cell-surface plasminogen activators, their receptors, and plasminogen activator inhibitors types 1 and 2 (PAI-1 and PAI-2).
The Collection) were cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS) (GIBCO BRL) supplemented with 200 U/mL penicillin and 25 gg/mL streptomycin in a 5% C02-95% air atmosphere at 37°C. Contamination by mycoplasma was excluded by direct assay (Gen-Probe, Gen-Probe Inc). Cells were grown in suspension in tissue culture flasks (Fisher) at a density of 0.5 x 106 cells/mL 24 hours before stimulation with either TGF-,3 (5 ng/mL, Boehringer Mannheim) or thrombin (5 NIH U/mL, lot 2149313; Sigma Chemical Co).
Preparation of cDNA Probes, Isolation of RNA, and Assay of uPAR, PAI-1, and PAI-2 mRNA by Northern Blotting Cell suspensions were harvested from culture flasks 6 or 24 hours after exposure to either TGF-,3 or thrombin and centrifuged at 1200g for 10 minutes. Total RNA was isolated by acid guanidium thiocyanate-phenol-chloroform extraction and 2-propanol precipitation, quantified spectrophotometrically based on A260, and size separated by 1.5% formaldehydeagarose gel electrophoresis (20 ,ug per sample). Equal loading and integrity of RNA were verified by ethidium bromide staining of 28S and 18S ribosomal RNA after electrophoresis. Northern blotting was performed by capillary transfer of RNA to nylon membranes (Biodyne, 0.4 ,gm; Pall Biosupport) as previously described.34 Blots were baked at 80°C for 2 hours under vacuum before prehybridization.
A 0.9-kilobase (kb) PAI-1 probe that detects both the 3.2-and 2.2-kb PAI-1 species was prepared by digestion of PAI-1 cDNA (kindly provided by Dr T.C. Wun Continuous absorbance measurements at a wavelength of 405 nm to detect plasmin formation were made with a Beckman spectrophotometer at 37°C. The activity of conversion of plasminogen to plasmin under these conditions is attributable exclusively to receptor-bound uPA.38 Turbidity caused by the presence of cells in the cuvette has no effect on absorbance measurements with cell concentrations less than 10-fold higher than those used in our studies.
In Situ Hybridization With Human Atherectomy Specimens
In situ hybridization was performed as described by Sim 
Results

Effects of TGF-,B amd Thrombin on uPAR mRNA
To determine whether TGF-f3 induced increases in gene expression of uPAR, uPAR mRNA was assayed by Northern blotting (Fig 1) . Effects of TGF-fB and Thrombin on PAI-1 mRNA To determine whether the TGF-13-induced increases in PAI-1 protein in U937 cells reflected increased gene expression, PAI-1 mRNA was assayed by Northern blotting (Fig 1) . No PAI-1 mRNA was detectable in control U937 cells (n=4 independent experiments at each interval). TGF-,B induced PAI-1 mRNA within 3 hours (0.25± 12 AU, data not shown for 3-hour blots), with increases persisting for 6 and 24 hours (0.20+±0.07 and 0.31±0.14 AU, n=4, P=NS). Induction occurred early and persisted for both the 3.2-and 2.2-kb mRNA species (Fig 1) . These results suggest that the observed increase in synthesis of PAI-1 protein induced by TGF-p depends, at least in part, on increased gene expression.
No induction of PAI-1 mRNA occurred with thrombin over 6 or 24 hours (Fig 1) , consistent with the lack of increase in PAI-1 protein and a lack of de novo synthesis of ["S]methionine-labeled PAI-1 in cells exposed to thrombin for as long as 24 hours (Fig 6) .
Effects of TGF-j3 and Thrombin on PAI-2 Synthesis PAI-2 mRNA was expressed under baseline conditions (0.22±0.10 AU; n=8). TGF-f (5 ng/mL) sup- pressed PAI-2 mRNA (0.013+0.026 AU; n=10; P<.05; Fig 1) . Thus, only a faint PAI-2 mRNA signal was seen, and it remained unchanged (n-4; P=NS) for 6 or 24 hours after exposure of the cells to TGF-fl (Fig 7) . In contrast to TGF-/B, thrombin increased PAI-2 mRNA from 0.52±0.24 AU at 6 hours to 0.76±0.41 AU at 24 hours, 2.2-and 3.2-fold increase over control compared with corresponding time-matched controls (0.23±0.09 and 0.24±0.10 AU at 6 and 24 hours, P<.01).
In Situ Hybridization and Immunocytochemistry
To localize the PAI-1 mRNA expressed in human coronary artery atherectomy specimens, we performed in situ hybridization. Strong positive hybridization signals for PAI-1 mRNA were seen in all of the atherectomy specimens examined (n=2) (Figs 8 and 9 ). Normal vessels have been shown to contain low levels of PAI-1 message within endothelial cells and within arterial media41-43 in smooth muscle cells. In atherectomy specimens, signals were most prominent in monocyte/macrophages that had been identified with CD68 monoclonal antibodies (Fig 8) and in smooth muscle cells that had been identified with HHF-35 monoclonal antibodies (Fig 9) . No hybridization signals were detected when samples were probed with control, sense cRNA PAI-1 probes.
Exposure of adjacent sections with polyclonal goat anti-human PAI-1 antibody showed that PAI-1 antigen colocalized with PAI-1 mRNA in macrophages (Fig 8) and in smooth muscle cells (Fig 9) in the atherectomy specimens. PAI-1 antigen was also prominent in ECM (Fig 8C) . Immunohistochemical studies were controlled in each case by incubating serial sections with preimmune serum, which failed to label any of the cells. paralleled by an increase in functional, cell-surface proteolytic activity in the presence of uPA. uPA protein levels remained low and unchanged after exposure to TGF-J3 or thrombin. Increased proteolvtic activity on the surface of monocytes/macrophages is likely dependent on alternative sources of urokinase.
The formation of a -proteolytic front" on monocvtei macrophages in injured vessels may direct the migration of mononuclear cells from the lumen into the subintimal space. Although thrombin. significant increases in proteolytic activitv were seen, thus providing indirect evidence that uPAR protein and message were increased by thrombin. Characterization of the temporal and spacial elaboration of uPAR. PAI-1. and PAI-2 in vivo will be pivotal to understanding the initial phases of remodeling of vessel w all.
Concomitantlv augmented expression of PAI-1 may limit an otherwise exuberant proteolytic response on the cell surface. The elaboration of PAI-I protein in response to TGF-f3 and its stabilization bv vitronectin in ECM at sites of injurv in xessel walls4 may preclude actixation of proteolvsis bsy uPAR-uPA. Although the ninefold increase in PAI-1 antigen lexels determined by ELISA reflect free and complexed PAI-1 protein, the 1.9-fold increase in newly synthesized PAI-1 determined bx metabolic labeling reflects uncomplexed protein only. Cumulatixe amounts of labeled PAI-1I both free and complexed. likelv approximate the increase in PAI-1 antigen seen by ELISA. Inhibition of migration of monocvtes may be mediated bv PAI-1 that is bound to xitronectin in the ECMi1 rather than bv free, rapidly inactivated PAI-1. Our results are consistent with elaboration of plasminogen activator inhibitors by human mxeloid cells in relation to cellular adhesion. 45 Neither PAI-1 mRNA nor protein increased in response to thrombin, IL-1, or granulocyte-macrophage colony-stimulating factor (data not shown). In contrast, thrombin increased PAI-2. Unlike PAI-1 protein, PAI-2 is stored in the cytosol of monocytes. The increase in PAI-2 message seen in response to thrombin may not translate into increased local antifibrinolytic activity but rather may serve as a reservoir for antifibrinolytic activity.
